The irrationality of the present use of the osmole gap: applicable physical chemistry principles and recommendations to improve the validity of current practices.
The present clinical use of serum osmometry is erroneous in two respects. The first, and the most important, is the incorrect assumption that serum behaves as a dilute 'ideal' solution and that the osmotic activity of a substance depends solely on the number of solute particles. The amount of variance from ideal behaviour of serum containing an exogenous substance is expressed by the osmotic coefficient (phi). We have calculated the osmotic coefficient for serum containing ethanol (alcohol) and recommend that the osmotic coefficient for serum containing other low molecular weight substances such as methanol (methyl alcohol), isopropyl alcohol and ethylene glycol also be calculated. This is necessary for the accurate calculation of the contribution of these substances to the serum osmolality.Secondly, the practice of subtracting the calculated serum molarity from measured serum osmolality is not valid since it represents a mathematically improper expression. The units of these two terms are different. The 'osmole gap' (OG) is typically viewed as the difference between serum osmolality determined by an osmometer and the estimated total molarity of solute in serum by directly measuring the concentration of several substances and then substituting them into a published formula. Some authors call this sum the calculated or estimated osmolarity but, because the concentrations are measured directly and not with an osmometer, the calculated term represents molarity. The units of osmolality are mmol/kg of H2O and the units of molarity are mmol/L. Therefore, the practice of subtracting calculated serum molarity from measured serum osmolality is not mathematically sound and is an oversimplification for ease of application. This mathematical transgression necessarily adds an error to the incorrectly calculated OG. Despite this, the OG is commonly used in clinical medicine. Serum osmolality can be converted to molarity provided the weight percentage and the density of the solution are known and thus, we recommend that this conversion be done prior to calculation of the gap. We recommend that the gap between measured serum osmolarity and calculated serum molarity be called the 'osmolar gap'. After having corrected for non-ideality for serum and for inconsistency of units, the standard value and reference range for this gap must be determined in an adequate number of patient populations and in a variety of clinical settings. An example of this determination, using data from a group of ethanol-poisoned patients is given. This correction should be applied before the evaluation of the osmolar gap as a screening test for other low molecular weight substances proceeds.